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(54) Variable geometry turbine 

(57) A variable geometry turbine comprising a hous- 
ing, a turbine wheel mounted to rotate about a pre-de- 
termined axis within the housing, and a gas inlet pas- 
sage to the turbine. The gas inlet passage is defined 
between a fixed wall and an annular sidewali which is 
mounted in the housing and is displaceable relative to 
the fixed wall between axially spaced first and second 
positions. The sidewali is biased away from the fixed by 



at least one spring towards the first position, an axiaf 
force is applied to the sidewali in opposition to the spring 
to thereby control the axial position of the sidewali. The- 
spring or springs provide a non-linear length to spring 
force characteristics such that the resultant of the ap- 
plied spring force and an axial force applied to the side- 
wall as a result of gas flow through the passage increas- 
es continuously as the sidewali is displaced from the first 
position to the second position. 
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Description 

The present invention relates to a variable geome- 
try turbine incorporating a displaceable turbine inlet pas- 
sage sidewalk 

US Patent No. 5522697 describes a known variable 
geonnetry turbine in which a turbine wheel is nnounted 
to rotate about a pre-determined axis within a housing. 
An Inlet passage to the turbine wheel is defined between 
a fixed wall of. the housing and a side wall which is dis- 
placeable relative to the fixed wall in order to control the 
width of an inlet passage. The sidewall is supported on 
rods extending parallel to the wheel rotation axis, and 
the rods are axially displaced relative to the housing so 
as to control the position adopted by the sidewall. 

The rods are displaced by a pneumatic actuator 
mounted on the outside of the housing, the pneumatic 
actuator driving a piston. The actuator piston is coupled 
to a lever extending from a shaft pivotally supported by 
the housing such that displacement of the lever causes 
the shaft to turn. A yoke having two spaced apart arms 
is mounted on the shaft in a cavity defined within the 
housing. The end of each arm of the yoke is received in 
a slot in a respective sidewall support rod. Displacement 
of the actuator piston causes the arms to pivot and to 
drive the sidewall in the axial direction as a result of the 
interengagement between the arms and the sidewall 
support rods. 

In a co-pending application with the same priority 
date as this application, a variable geometry turbine is 
described in which the external actuator mechanically 
coupled to the sidewall is replaced by a piston and cyl- 
inder arrangement within the housing. Problems have 
been experienced in controlling the axial position of the 
sidewall with both the conventional external actuator ar- 
rangements and arrangements relying upon a piston 
and cylinder within the housing. In particular the side- 
wall has proved difficult to control as it approaches a 
fully closed position, that is a position In which the width 
of the turbine inlet passage is approaching a minimum. 

It is an object of the present invention to obviate or 
mitigate the problems outlined above. 

According to the present invention, there is provid- 
ed a variable geometry turbine comprising a housing, a 
turbine wheel mounted to rotate about a pre-determined 
axis within the housing, a gas inlet passage to the tur- 
bine defined between a fixed wall and an annular side- 
wall which Is mounted in the housing and is displaceable 
relative to the fixed wall between axially spaced first and 
second positions, at least one spring biasing the side- 
wall away from the fixed wall towards the first position, 
and means for applying an axial force to the sidewall in 
opposition to the at least one spring to thereby control 
the axial position of the sidewall, wherein the said at 
least one spring has a non-linear length to spring force 
characteristics such that the resultant of the applied 
spring force and an axial force applied to the sidewall 
as a result of gas flow through the passage increases 



continuously as the sidewall is displaced from the first 
position to the second position. 

The rate of change of spring force with sidewall dis- 
placement may increase as the sidewall is displaced 

5 from the first position to the second position. The spring 
force may be provided by one or more springs the or 
each of which has a non-linear length to spring force 
characteristic or by two or more springs each having a 
linear length to spring force characteristic but being ar- 

10 ranged to deliver a resultant spring force which is non- 
linear. 

The sidewall may be mounted on support rods ex- 
tending parallel to the wheel axis, the support rods being 
active upon directly by the or each spring or being cou- 
15 pled to an external actuator which incorporates the or 
each spring. 

Embodiments of the present invention will now be 
described, by way of example, with reference to the ac- 
companying drawings, in which: 

20 

Figure 1 is a sectional view of an upper half of a 
sidewall assembly of a variable geometry turbine, 
the sidewall being shown in a position In which a 
gas inlet passageway is of minimum width; 

25 

Figure 2 shows the lower half of the sidewall assem- 
bly of Figure 1 with the sidewall displaced to the fully 
open position; 

30 Figure 3 shows a spring arrangement for the side- 
wall support rods of Figures 1 and 2; 

Figure 4 shows a spring arrangement in accordance 
with the present invention for the sidewall support 
35 rods shown in Figures 1 and 2; 

Figure 5 is a schematic representation of the differ- 
ent characteristics of the spring assemblies of Fig- 
ures 3 and 4 and the reactant gas force and result- 
40 ant force on the sidewall with such assemblies; and 

Figure 6 is a sectional view representing an external 
actuator assembly for a sidewall support rod, the 
actuator having been modified in accordance with 
45 the present invention. 

Referring to Figures 1 and 2, the illustrated variable 
geometry turbine comprises a housing formed by a 
bearing housing 1 and a turbine wheel housing 2 

50 clamped together with an annular clip 3, and a turbine 
wheel 4 mounted on a shaft 5 to rotate about an axis 6. 
The shaft 5 is supported on bearings within the bearing 
housing 1 . The turbine housing 2 defines a surface 7 
facing a surface 8 defined by a sidewall 9.' The sidewall 

55 9 in the illustrated assembly is formed from relatively thin 
steel and in cross-section Is generally C-shaped, but it 
will be appreciated that the sidewall 9 could be for ex- 
ample a cast component. Vanes 10 mounted on the 
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sidewall project from the surface 8 into an annular re- 
cess 11 defined in the housing. A sidewall which sup- 
ports vanes as in the illustrated assembly Is sometimes 
referred to as a "nozzle ring", but the term "sidewall" will 
be used herein. s 

Sealing rings 12 restrict gas flow between an inlet 
passageway 1 3 defined between the surfaces 7 and 8 
and a chamber 14 located on the side of the sidewall 
remote from the vanes 1 0. Thus the sidewall 9 forms an 
annular piston received within an annular cylinder that io 
defines the chamber 14. Support rods 15 on which the 
sidewall 9 is mounted extend into the chamber 14. An 
inlet 1 6 is formed in the bearing housing 1 to enable con- 
trol of the pressure within the chamber 14. Increasing 
that pressure moves the sidewall 9 towards a fully '5 
closed position shown in Figure 1, whereas reducing 
that pressure moves the sidewall 9 towards a fully open 
position as shown in Figure 2. 

Referring to Figure 3, this illustrates one arrange- 
ment for spring-nnounting the support rods 15 in the 20 
bearing housing 1 . In the arrangement shown in Figure 
3: which corresponds to the sidewall 9 of Figures 1 and 
2 in the fully open position, each support rod extends 
through a bore in the bearing housing 1 Into a cavity 1 7. 
The cavity 17 is defined between the bearing housing 1 2S 
and a further housing component 18 coupled to the 
bearing housing 1. The pressure within cavity 17 is 
maintained close to atmospheric pressure. 

The pressure within the chamber 1 4 is used to con- 
trol the axial displacement of the sidewall 9. Means (not 30 
shown) are provided for controlling the pressure within 
the chamber 14 in accordance with a control program 
responsive to for example engine speed and torque and 
turbine pressures and temperature. The pressure con- 
trol means is coupled to the inlet 1 6. 3S 

The rod 15 is bias towards the left in Figure 3 by a 
compression spring 1 9 having a linear spring force char- 
acteristic compressed between the bearing housing 1 
and a washer 20 retained on the end of the rod 1 5. Thus 
If the inlet passage 1 3 and the chamber 14 are vented 40 
to atmosphere, the rod 15 will assume the axial position 
shown in Figure 3. If the pressure within the chamber 
14 is then increased, the rod 15 and sidewall 9 will be 
displaced towards the right in Figure 3 by a distance de- 
pendent upon the applied pressure. -^5 

Referring now to Figure 4, which illustrates an em- 
bodiment of the present invention, components equiva- 
lent to those described in Figure 3 carry the same ref- 
erence numerals. In the arrangement of Figure 4 how- 
ever it will be noted that a further compression spring 5o 
21 which is coaxial with the axis 6 bears against an an- 
nular support ring 22 which performs the same function 
as the washers 20 in the arrangement of Figure 3. Each 
support rod 1 5 also extends through a coaxial compres- 
sion spring 19. Thus the force driving the rod 14 to the 55 
left in Figure 4 is the combination of the compression 
forces applied by the springs 19 and 21 . and any axial 
forces applied to the sidewall 9 by the gas flowing 



through the inlet passage 13. 

The springs 19 and 21 are arranged such that the 
return force applied to the rods 1 5 increases as the sur- 
face 8 of the sidewall 9 approaches the surface 7 de- 
fined by the turbine housing 2. For example, the spring 
21 may have a length when in its relaxed state such that 
It does not oppose movement of the ring 22 to the right 
in Figure 4 except when the sidewall 9 is relatively close 
to the surface 7. It has been found that this is an advan- 
tageous characteristic as the pressure within the inlet 
passage 13, which pressure acts on the surface 8, re- 
duces as the surface 8 approaches the surface 7 due to 
the flow conditions within the gap defined between those 
two surfaces. 

Figure 5 illustrates the operational differences be- 
tween an arrangement such as that described with Fig- 
ure 3, in which the spring 19 has a linear spring rate, 
and the arrangement in accordance with present inven- 
tion of Figure 4 in which the combination of springs 19 
and 21 provides a non-linear spring rate. In Figure 5, the 
curves represent axial forces applied to the assembly of 
components including the sidewall 9 as the distance be- 
tween the surfaces 7 and 8 (the inlet passage width) is 
increased from a minimum 23 (fully closed as shown in 
Figure 1 ) to a maximum 24 (fully open as shown in Fig- 
ure 2). 

Curve 25 of Figure 5 represents the variation of ax- 
ial force due to reactant gas forces on the surface 8 of 
the sidewall 9. It will be noted that as the passage width 
is reduced the reactant gas force initially rises in a con- 
tinuous fashion but then falls as the sidewall 9 approach- 
es the surface 7 of the turbine housing 2. The curves 26 
and 27 represent the force applied by the spring 19 of 
Figure 3. The curves 28 and 29 represent the resultant 
axial force on the sidewall 9; the resultant force reducing 
with reduction in passage width beyond the distance in- 
dicated by line 30. Thus with an arrangement as shown 
in Figure 3 in which the springs 19 have linear charac- 
teristics, the axial position of the sidewall 9 is unstable 
when the inlet passage width is reduced to the limit rep- 
resented by line 30. In particular there will be a tendency 
for the sidewall to be moved rapidly to the minimum 
width position in an uncontrolled manner as soon as it . 
passes the position represented by line 30. 

With the arrangement of Figure 4, the spring 21 has 
no effect when the inlet passage width is in the range 
represented by the distances between the lines 24 and 
31 . As soon as the passage width is reduced to the lirriit 
represented by line 31 however, further reductions in the 
passage width compress both the spring 21 and the 
springs 19. As a result the combined spring character- 
istic is as represented by lines 26 and 32, and the re- 
sultant is represented by lines 28 and 33. Thus the re- 
sultant of the spring and reactant gas forces increase 
continuously as the inlet passage width reduces to the 
minimum represented by tine 23. Instability in the axial 
position of the sidewall 9 is thus avoided. 

Referring to Figure 6, this Illustrates in section an 
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external actuator assembly which is of conventional CI 
structure except for the replacement by the conventional 
connpression spring having linear characteristics by a 1. 
compression spring having non-linear characteristics. A 
mechanism for interconnecting the actuator of Figure 6 s 
with control rods such as those shown in Figures 1 to 4 
is described in for example US Patent No. 5522697. 

Referring to Figure 6, the lower half of the Figure 
shows the actuator in its fully extended condition (cor- 
responding to the position of an associated sidewall be- io 
ing fully closed as shown in Figure 1 ) whereas the upper 
half of Figure 6 shows the actuator in its fully retracted 
position (corresponding to the associated sidewall being 
in the fully open position as illustrated in Figure 2). The 
actuator comprises a cover defined by pressed steel 
components 35 between which the peripheral edge of a 
diaphragm 36 is clamped. A chamber 37 is shown on 
the left-hand side of the diaphragm 36 in Figure 6 and 
gas under pressure is admitted to that chamber via an 
inlet (not shown) to control the axial movement of an 20 
actuator output rod 38 connected to a cup-shaped mem- 
ber 39 which bears against the side of the diaphragm 2. 
26 remote from the chamber 37. A compression spring 
40 is received within the cover and bears at one end 
against the piston member 39 and at the other end 25 
against a clamping plate 41 from which studs 42 extend, 
the studs providing a convenient means for fixing the 3. 
actuator to a support (not shown). Adust shield 43 limits 
the penetration of contaminant inside the cover. 

In a conventional actuator, the compression spring 30 
40 has a linear spring force to length relationship and 4. 
hence exhibits the same control problems as illustrated 
in Figure 5 with reference to the structure shown in Fig- 
ure 3. In accordance with the present invention however 
in the actuator of Figure 6 the compression 40 has a 55 
non-linear characteristic to provide a performance 
equivalent to that delivered by the spring arrangement 5. 
illustrated in Figure 4. Such a non-linear spring charac- 
teristic can be achieved in any convenient manner for 
example by forming the compression spring 40 such 
that at one end turns of the spring come into contact with 
each other before turns at the other end of the spring. 
Other arrangements could of course be contemplated, 6. 
for example, a compression spring which Is generally 
conical rather than cylindrical as shown in Figure 6. ^5 

In addition, as mentioned above, alternative em- 
bodiments of the invention could incorporate two or 
more springs each having a linear length to spring force 7. 
characteristic but being arranged to deliver a resultant 
spring force which Is non-linear. For instance, two such so 
springs could be nested one within the other or arranged 
end to end separated by a suitable support such as a 
simple plate. Other possible arrangments will be readily 
apparant to the appropriatly skilled person. 

55 

8. 



A variable geometry turbine comprising a housing, 
a turbine wheel mounted to rotate about a pre-de- 
termined axis within the housing, a gas inlet pas- 
sage to the turbine defined between a fixed wal! and 
an annular sidewall which is mounted in the housing 
and is displaceable relative to the fixed wall be- 
tween axially spaced first and second positions, at 
least one spring biasing the sidewall away from the 
fixed wall towards the first position, and means for 
applying an axial force to the sidewall in opposition 
to the at least one spring to thereby control the axial 
position of the sidewall, wherein the said at least 
one spring has a non-linear length to spring force 
characteristics such that the resultant of the applied 
spring force and an axial force applied to the side- 
wall as a result of gas flow through the passage in- 
creases continuously as the sidewall is displaced 
from the first position to the second position. 

A variable geometry turbine according to claim 1 , 
wherein the rate of change of spring force with side- 
wall displacement increases as the sidewall is dis- 
placed from the first position to the second position. 

A variable geometry turbine according to claim 2. 
comprising one or more springs each having a non- 
linear length to spring force characteristic. 

A variable geometry turbine according to claim 2, 
comprising at least two springs each having a linear 
length to spring force characteristic, the springs be- 
ing arranged such that the resultant force applied 
to the sidewall by the springs is non-linear. 

A variable geometry turbine according to claim 2, 3 
or 4, wherein the sidewall is mounted on support 
rods extending parallel to the wheel axis, each sup- 
port rod extending through and being acted upon 
by a respective compression spring. 

A variable geometry turbine according to claim 5, 
wherein each support rod is acted upon by a further 
compression spring which is coaxial with the wheel 
axis. 

A variable geometry turbine according to claim 1, 2 
or 3, wherein the sidewall is mounted on support 
rods extending parallel to the wheel axis, each sup- 
port rod being acted upon by a mechanism coupled 
to an actuator mounted outside the housing, the 
said at least one spring and the axial force applying 
means being defined by the actuator 

A variable geometry turbine substantially as here- 
inbefore described with reference to Figure 4 or Fig- 
ure 6 of the accompanying drawings. 
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